Background: Face recognition has important implications for patients with schizophrenia, who exhibit poor interpersonal and social skills. Previous reports have suggested that patients with schizophrenia have deficits in their ability to recognize faces, and because face recognition relies heavily on information about the configuration of faces, we hypothesized that patients with schizophrenia would have specific problems in processing configural information. Methods: We measured the performance of 20 patients with schizophrenia and 20 normal subjects in a face-discrimination task, using upright and inverted pairs of face photographs that differed in featural or configural information. Results: The patients with schizophrenia showed disproportionately poorer performance in discriminating configural compared with featural face sets. Conclusion: The result suggests that the face-recognition deficit in schizophrenic patients is due to specific impairments in configural processing of faces.
1
Although numerous studies have found that persons with schizophrenia have a deficit in their ability to evaluate facial expressions, [2] [3] [4] [5] fewer studies have examined face recognition in patients with schizophrenia. Faces differ from other kinds of visual objects in that recognition relies heavily on the configuration of their parts. 6 Disproportionate impairment in recognition when faces, compared with other visual objects, are presented upside down has been interpreted as evidence of configural processing for face recognition because inversion leads to much greater disruption of configural information than of featural information. [7] [8] [9] [10] We hypothesized that if patients with schizophrenia have a specific deficit in face recognition, they will have a higher degree of deficit in the processing of configural information than of the featural information of faces. Patients with schizophrenia were expected to show lower performance in facediscrimination tasks relying on configural information compared with tasks relying on featural information; we also expected this difference to be enhanced with face inversion.
Methods

Subjects
Twenty patients (mean age = 26.8 years, SD = 4.8; 11 men and 9 women), all of whom fulfilled the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), criteria for schizophrenia, were diagnosed using the Structured Clinical Interview for DSM-IV (SCID-I). They were recruited from the inpatient unit and outpatient clinic of the Department of Psychiatry, Seoul National University Hospital. None of the patients had any history of traumatic brain injury, epilepsy, alcohol or substance abuse, or any other neurological issues. All the patients were right handed. Table 1 provides details of the demographic and clinical characteristics of the patients with schizophrenia and of the normal healthy subjects. As shown in table 1, no significant group differences were observed in the mean years of education among the subjects or in the mean socioeconomic status of the subjects or their parents. 11 The mean IQ in the patient group was lower than that of the normal control group (94.50 6 11.52 vs 114.40 6 9.88, t = 5.86, P < .001). In the schizophrenia group, the average age of onset was 22.5 years (SD = 5.7), the mean illness duration was 4.9 years (SD = 3.7), and the mean Positive and Negative Syndrome Scale score 12 was 52.8 (SD = 13.3). All the patients had received atypical antipsychotics. Eight of the patients were currently taking risperidone at a daily mean dose of 3.93 mg (SD = 2.29), another 8 were on clozapine at a mean daily dose of 212.5 mg (SD = 121.74), 3 took olanzapine at a mean daily dose of 9.16 mg (SD = 5.20), 2 took aripiprazole at a dosage of 10 mg, and 1 took quetiapine at a dosage of 250 mg. Twenty age-and sex-matched healthy controls (mean age = 25.6 years, SD = 2.4; 11 men and 9 women), all of whom had been recruited from the community via newspaper advertisements and screened by the Structured Clinical Interview for DSM-IV, Non-Patient Version (SCID-NP), were included in the study. After they had been completely apprised of the study protocols, we obtained written informed consent from all the subjects. This study was conducted in accordance with the guidelines provided by the institutional review board at Seoul National University Hospital.
Stimuli
We made 2 sets of pairs of faces: a configural set composed of faces that differed in the spacing among features within the face (between the eyes and between the nose and mouth) and a featural set composed of faces that differed in the shapes of individual features. 9, 13, 14 Grayscaled, emotionally neutral face photographs of 2 Korean males and 2 Korean females, 350 3 350 pixels in size, were modified to create the configural and featural sets of face stimuli for the face-discrimination task. For the faces in the configuration set, eyes were moved 5 pixels in and out horizontally and mouths were moved 5 pixels up and down vertically, relative to the original image. For the faces in the feature set, eyes in the photographs were changed by pasting in eyes from 3 other faces of people of the same gender, while maintaining the whole configuration. For a control task, chair-discrimination stimuli were prepared. A pair of photographs of chairs that were similar to each other in general contour but different in some features such as the armrest, back, and legs was extracted from the Hemera Photo-Objects image database ( Figure 1 ).
Procedure
Using the 2 sets of pairs of faces, we asked the subjects to recognize the faces by preferentially relying on configural or featural information. As shown in Figure 1 , a pair of 2 photographs in a set, one of which had been resized to 300 3 300 pixels from 350 3 350 pixels to prevent a mechanical discrimination strategy such as comparing the length of any landmarks within a face, was presented for 1000 milliseconds after a 500-millisecond presentation of a cross as the prompt. The subjects were seated approximately 80 cm away from a 15-inch monitor having 1024 3 768 pixel resolution and were required to decide 
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whether the 2 photographs were the same or different as quickly and as accurately as possible. They were asked to press the left button of the mouse if the 2 photographs were the same and the right button if they were different. For each presentation, chance performance was 50% accuracy, given that the number of same or different photographs was equal in the stimuli. Face blocks comprised 50 configural and 50 featural trials in each set of upright and inverted blocks; thus, for the 4 types of blocks, a total of 200 trials were conducted. The chair block contained 50 trials in each set of upright and inverted blocks; thus, the 2 types of blocks included 100 trials in total. The order of presenting the blocks and the side-of-face location were counterbalanced. The stimuli were presented in random order in blocks. A stimulus was shown for 1 second after the 500-millisecond ''þ'' as a prompt, and the next trial appeared only after the subject responded. The accuracy and reaction times were measured automatically, using Presentation 9.0 software (Neurobehavioral Systems, Albany, CA). All participants finished the task within 15 minutes.
Statistical analysis
Discrimination accuracy was calculated from the number of correct trials in each type of block for the 20 patients with schizophrenia and the 20 normal controls. Analysis of variance tests (ANOVAs) with configural vs featural faces and upright vs inverted faces as within-subjects factors and patient vs control subjects as a between-subjects factor were carried out for the accuracy and the response times (RTs) for correct trials. Additional ANOVA with featural face vs featural chair and upright vs inverted stimuli as within-subjects factors and patient vs control subjects as a between-subjects factor were carried out to compare the featural chair and featural face sets. The RTs for correct trials were compared between the patients with schizophrenia and the control subjects using t tests.
Results
A 2 (group) 3 2 (stimulus type) 3 2 (orientation) ANOVA for face-discrimination accuracy revealed a significant main effect of group (F 1,38 = 34.49, P < .001). As seen in figure 2, the patients with schizophrenia showed lower accuracy in discriminating the upright configuration set faces (t = À7.316, df = 38, P < .001) and upright feature set faces (t = À2.151, df = 38, P < .05), as well as the inverted configuration set faces (t = À2.932, df = 38, P < .01), but not the inverted featural set faces (t = À1.338, df = 38, P > .1), compared with the control subjects.
Configural Vs featural face processing
A main effect of stimulus type (F 1,38 = 67.97, P < .005) was detected, suggesting that the accuracy of face discrimination was lower for the configural face set than for the featural face set. Both control and patient groups showed lower accuracy for the configural face set compared with the featural face set (67.55 6 14.50% vs 76.60 6 11.88%, t = À5.015, P < .001 and 46.15 6 15.07% vs 70.70 6 12.11%, t = À7.598, P < .001, respectively) (table 2). Significant interactions were found of group 3 stimulus type (F 1,38 = 12.97, P < .005), indicating that lower accuracy for the configural face set was more prominent in patients with schizophrenia than in control subjects.
Inversion effect
A significant interaction of group 3 orientation (F 1,38 = 26.99, P < .001) was observed, indicating that face discrimination was disrupted by inversion in the control group (81.00 6 8.74% vs 63.15 6 12.39%, t = 9.584, P < .001) but not in the patients with schizophrenia (60.45 6 21.97% vs 56.40 6 13.84%, t = 1.880, P > .06). Although there was no interaction of stimulus type 3 orientation (F 1,38 = 0.04, P > .80), a significant interaction of group 3 stimulus type 3 orientation (F 1,38 = 18.93, P < .001) was detected. As shown in Figure 3 , the inversion effect was observed in the featural face set (t = 4.104, df = 19, P < 0.005) but not in the configural face set in patients with schizophrenia (t = À0.541, df = 19, P > 0.59). However, in the control group, the inversion effect was observed regardless of stimulus type, ie, both in the featural face set (t = 5.949, df = 19, P < 0.001) and in the configural face set (t = 8.825, df = 19, P < 0.001). A 2 (group) 3 2 (orientation) analysis of featural chair sets revealed a main effect of orientation (F 1,38 = 13.31, P < .01) with no interaction of group 3 orientation (F 1,38 = 0.95, P > .33).
Chair Vs face
When analysis was confined to featural chair and featural face sets, a 2 (group) 3 2 (stimulus: chair vs face) 3 2 (orientation) analysis revealed a main effect of group (F 1,38 = 4.58, P < .05), indicating that the control group showed higher performance compared with the patients with schizophrenia (79.35 6 10.62% vs 74.63 6 12.06%, t = 2.63, P < .01); a main effect of face vs chair (F 1,38 = 20.50, P < .001), indicating higher performance for featural chairs than for featural faces (80.33 6 9.80% vs 73.65 6 12.28%, t = 3.80, P < .001); and a main effect of orientation (F 1,38 = 20.50, P < .001), indicating higher performance for the upright stimuli compared with the inverted stimuli (81.43 6 9.60% vs 72.55 6 11.72%, t = 5.24, P < 0.001). However, no interactions occurred for group vs orientation (F 1,38 = 0.64, P > .43), group vs stimulus (F 1,38 = 0.01, P > .89), or group vs stimulus vs orientation (F 1,38 = 2.28, P > .14).
RT for correct trials
A 2 (group) 3 2 (stimulus type) 3 2 (orientation) ANOVA for the RTs of correct face-discrimination trials revealed no significant main effect of group (F 1,38 = 0.09, P > .77) and no main effect of stimulus type (F 1,38 = 3.59, P > .06). However, a main effect of orientation (F 1,38 = 4.76, P < .05) was detected, with the trend of shorter RTs for the upright stimuli than for the inverted stimuli (1341.13 6 325.85 vs 1361.68 6 341.96 milliseconds, t = À1.74, P = .08). Interactions were found for group 3 orientation (F 1,38 = 4.37, P < .05) and group 3 stimulus type 3 orientation (F 1,38 = 5.58, P < .05).
The following 2 (stimulus type) 3 2 (orientation) ANOVA for each group showed that while a main effect of orientation (F 1,19 = 7.21, P < .05) was found in the control group, indicating that RTs for the upright stimuli were shorter than for the inverted stimuli (1344.61 6 325.15 vs 1385.92 6 347.30 milliseconds, t = À2.72, P = .01), no main effect of orientation (F 1,19 = 0.01, P > .94) was observed in the patient group, which showed no difference in RTs between the upright and inverted stimuli (1336.60 6 330.62 vs 1337.44 6 339.18 milliseconds, t = À0.05, P > .96). In the control group, no main effect for stimulus type (F 1,19 = 1.59, P > .22) or for interaction of stimulus type 3 orientation (F 1,19 = 0.44, P > .51) was found. In the patient group, a main effect of stimulus type (F 1,19 = 4.43, P < .05) was detected, which indicates that RTs for discriminating the configural face set were longer than for the featural face set (1363.94 6 348.97 vs 1310.09 6 317.94 milliseconds, t = 2.24, P < .05). In the patient group, an interaction of stimulus type 3 orientation (F 1,19 = 5.99, P < .05) was seen, which indicates that RTs were shorter for upright than for inverted stimuli in the featural face set (1284.99 6 292.94 vs 1335.20 6 346.92 milliseconds, t = À2.17, P < .05), while a trend existed toward longer RTs for upright compared with inverted stimuli for the configural face set (1388.20 6 364.63 vs 1339.68 6 340.27 milliseconds, t = 2.09, P = .05).
Discussion
Patients with schizophrenia showed disproportionately poor performance and long RTs in discriminating faces that differed in configural information compared with faces that differed in featural information. This disproportionately poor performance in configural processing both for upright and inverted faces led to the face-inversion effect not being shown in patients with schizophrenia, in contrast to the normal inversion effect shown by control subjects. These results pose strong evidence against the view that the face-recognition deficit in persons with schizophrenia merely mirrors a general impairment of memory and the executive function of schizophrenia. 15, 16 Although little behavioral research has focused on face recognition in people with schizophrenia, recent neuroimaging studies have consistently implied a dysfunction in face recognition in these persons. Reduced N170 amplitudes in schizophrenic compared with control subjects 17, 18 ; a reduced volume of the fusiform gyrus, which is known to be involved in face perception 19, 20 ; and failure of the fusiform gyrus to activate during face perception in patients with schizophrenia 21 suggest dysfunction in face recognition in persons with schizophrenia.
Despite abundant research on configural face processing in normal subjects and its strong relevance to social functioning, few studies have focused on face recognition per se in persons with schizophrenia. Two previous studies regarding face discrimination among neutral faces yielded conflicting findings. Although those studies involved the same task (a Benton facial recognition test [BFRT]), one revealed significantly lower performance in patients with schizophrenia compared with normal subjects, 22 while the other found no difference between the patients and normal subjects. 23 However, the BFRT requires the subject to select a face with the same identity as a reference face and is not adequate for specific evaluation of face recognition. Patients with prosopagnosia have been reported to score in the normal range on the BFRT; those participants reported that they relied heavily on featural information rather than configural information in discriminating faces. 24 Schwartz et al 25 tackled the issue of configural face processing by subjects with schizophrenia using face inversion. They reported that subjects with schizophrenia, similar to control subjects, showed the inversion effect in a face-memory task and concluded that those with schizophrenia had no deficit in configural face processing. In contrast, our results show that patients with schizophrenia had a specific deficit in configural processing. Two reasons may explain the differences in results. First, Schwartz et al 25 did not differentiate between configural and featural face processing, which might have lessened their ability to detect differences in the face inversion effect between patients and control subjects. We found the inversion effect for the featural face set in patients with schizophrenia, similar to the normal subjects, although the effect size was much smaller than that for the configural face set. Differences in features inevitably lead to small differences in relational information, which is consistent with several previous reports. 26, 27 Therefore, by not differentiating between configural and featural processing, it is possible that those researchers may have missed differences between the subject groups with regard to the face inversion effect. Second, unlike the memory task of Schwartz et al 25 in which subjects were instructed to memorize the identity of previous faces, our task paradigm did not adopt a memory task; instead, we focused on discriminating perception in face recognition. The rigor of our task paradigm may also have differed from that of Schwartz et al. 25 In our study, mean performance was around 80% across all 3 types of upright stimuli, which is in contrast to the greater than 90% performance in the task of Schwartz et al 25 ; the performance value in our study may have enhanced our ability to detect differences between patients and normal subjects.
A limitation of our study was that all the subjects with schizophrenia were taking antipsychotic medications. The generally lower performance in recognition across all types of stimulus sets in the patient group could reflect medication use. However, medication cannot explain the unequal cognitive impairment between configural and featural face processing. Furthermore, we found no difference in the RTs for correct trials between the patient and control groups, which also lessens the probability of a medication effect as an explanation for the results. Notably, evidence exists that the face recognition deficit in schizophrenia could be an endophenotype not associated with variables of chronic illness including medications. 28 Calkins et al 28 reported that the first-degree relatives of persons with schizophrenia had impaired face recognition but not object recognition.
To our knowledge, this is the first study to show a deficit specific to configural face processing in persons with schizophrenia. A specific deficit in configural face processing at the early stage of face discrimination, which is less confounded by higher cognition such as memory or executive function, suggests how perceptual deficit could result in higher social dysfunction in patients with schizophrenia. 
